Background: Combined small cell lung cancer (C-SCLC) is defined as small cell lung cancer (SCLC) combined with any of non-small cell lung cancer (NSCLC) histological types, such as large cell carcinoma, squamous cell carcinoma, or adenocarcinoma. Since C-SCLC is an increasingly recognized subtype of small cell carcinoma, we conducted a retrospective study in our institution to explore the value of prophylactic cranial irradiation (PCI) in patients with C-SCLC treated by surgery. Methods: Between 2005 and 2014, the records of all consecutive patients with pathologically diagnosed C-SCLC after surgery in our institution were reviewed. Overall survival (OS), disease-free survival (DFS), and brain metastasis free survival (BMFS) were estimated by Kaplan-Meier method. Survival differences were evaluated by log-rank test, while multivariate analysis was performed by a Cox proportional hazards model. Results: Of the total 91 patients included in this analysis, 11 patients (12.1%) were in PCI group and 80 (87.9%) in non-PCI group. The 5-year cumulative incidence of brain metastasis in the whole group was 22.2% (26.3% in non-PCI group vs. 0% in PCI group), and 5-year OS rate was 44.1%. Patients treated with PCI had significantly longer OS (P=0.011) and DFS (P=0.013), also had the trend to live a longer BMFS with marginal significance (P=0.092) than non-PCI-treated patients. The multivariate analysis showed that PCI [hazard ratio (HR) =0.102, P=0.024] was one of independent prognostic factors of the OS in surgerytreated C-SCLC patients. Conclusions: C-SCLC patients have a relative high risk of developing brain metastases based on our study. These data showed that PCI could improve OS and DFS, as well as tend to decrease brain metastases in surgically resected C-SCLC. However, whether PCI could be part of comprehensive treatment modalities in C-SCLC should be assessed in prospective studies.
Introduction
Combined small cell lung cancer (C-SCLC) is defined as small cell lung cancer (SCLC) combined with any of non-small cell lung cancer (NSCLC) histological types, such as large cell carcinoma, squamous cell carcinoma, or adenocarcinoma. The incidence of C-SCLC was reportedly to be 2% at diagnosis (1) and 10% after chemotherapy
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The role of prophylactic cranial irradiation in surgically resected combined small cell lung cancer: a retrospective study or radiotherapy (2) according to the data in the 1980's. With surgery utilization increased, up to 28% of surgically resected SCLC was proved to be C-SCLC in the 2000's (3) .
Historically, the treatment of C-SCLC has always been in accordance with National Comprehensive Cancer Network Guidelines of SCLC (4), which recommend prophylactic cranial irradiation (PCI) as category 1 in limited-stage patients who attain a complete or partial response (5) . For patients with extensive-stage disease, PCI is a category 2A recommendation (6) . Particularly, PCI is recommended for all SCLC patients who have had a complete resection (7) . The preferred dose for PCI to the whole brain is 25 Gy in 10 daily fractions. However, the guidelines did not differentiate C-SCLC from pure SCLC, while amounts of existing evidence shows that PCI provides no survival benefit when it can only reduce the incidence of brain metastases in NSCLC patients (8) (9) (10) . Based on the above, whether PCI can decrease brain metastases and increase overall survival (OS) of C-SCLC is currently not well defined. To our best knowledge, optimal treatment schedule of C-SCLC has not yet been determined, and the evidence on PCI of C-SCLC patients is limited, so this study aimed to initially evaluate the effect of PCI on surgically resected C-SCLC patients in our institution retrospectively.
Methods

Eligibility criteria
All consecutive patients with pathologically diagnosed C-SCLC after surgery were identified in our hospital between January 2005 and December 2014. Pretreatment evaluation generally included physical and hematological examination, chest computed tomography (CT) scans, bronchoscopy, ultrasound examination or CT scan of abdomen, brain magnetic resonance imaging and bone radionuclide imaging. Positive emission tomography (PET)/CT was not routinely used in these patients.
The study was approved by the institutional review board/ethics committee at Shanghai Chest Hospital.
Basic information and treatment records
The clinical information of enrolled patients, including smoking history, age, gender, pathological combined components, disease extent, therapeutic strategies and survival, was obtained from the medical, radiological, and surgical records. The basic therapeutic records mainly contained the information of surgery procedures, chemotherapy, chest radiation and PCI. All included patients were restaged accordantly by the 7th edition of the American Joint Committee on Cancer tumor-nodemetastasis (TNM) classification system according to the postoperative pathological examination. Surgical procedures included wedge resection, sleeve resection, lobectomy and pneumonectomy, with or without ipsilateral hilar and mediastinal lymphadenectomy. Patients received neoadjuvant or adjuvant chemotherapy, and the chemotherapy strategies contained cisplatin or carboplatin in combination with etoposide (EP/EC), paclitaxel or docetaxel in combination with carboplatin, and vinorelbine-based or unknown cytotoxic agents.
Postoperative radiation therapy (PORT) was administered by three-dimensional conformal radiotherapy technique or intensity-modulated radiation therapy. Postoperative thoracic radiation therapy was preferred in TNM stage II-IV patients and positive-margin stage I patients, similar to the treatment principle of NSCLC. The reasons of above patients not accepting PORT were as follows: patients' refusal, poor lung function or low Karnofsky performance status (KPS) after surgery. The clinical target volume (CTV) for leftlung cancers includes the bronchial stump and lymph node stations 2R, 2L, 3, 4R, 4L, 5, 6, 7, and 10 to 11L; and the CTV for right-lung cancers includes the bronchial stump and lymph node stations 2R, 2L, 3, 4R, 4L, 7, and 10 to 11R. The planning target volume included CTV with a 0.8-to 1-cm margin in all directions. The total dose 50-60 Gy of thoracic radiation therapy was administered with 1.8-2 Gy per fraction for 5 days a week. PCI was delivered to patients without brain metastasis after surgery and chemotherapy or chemoradiotherapy. PCI dose fractionation was 25 Gy in 10 fractions for 5 days a week. For there is no evidence of PCI in combined SCLC, so a patient should receive PCI or not is decided by the determination of radiation oncologists in our hospital and the willingness of patients.
Follow-up
Patients were generally followed every 3 months after surgery for the first 2 years and every 6 to 12 months thereafter. Regular follow-up evaluations included clinical assessments, chest CT scans, and ultrasound or CT scans of the abdomen. Treatment failure was determined based on available information, such as clinical assessments, imaging modalities and pathological diagnosis. We obtained follow-up information by conducting telephone surveys and reviewing electronic medical records in the clinic. The first treatment failure events were recorded and analyzed.
Statistical analysis
Baseline characteristics were compared using the chi-square test for categorical variables between the PCI group and non-PCI group. OS was calculated from the date of surgery to date of death from any cause or last follow-up. Diseasefree survival (DFS) was calculated from surgery to the time of first recurrence, death from any cause, or last followup. Brain metastasis free survival (BMFS) was calculated from the date of surgery to date of imaging diagnosis of brain metastasis, death from any cause, or last follow-up. OS, DFS, and BMFS were estimated by Kaplan-Meier method, and differences in survival curves between the two groups were evaluated by log-rank test. Univariate survival analysis was performed by the Kaplan-Meier method and log-rank test. Multivariate survival analysis was performed by a Cox proportional hazards model and a backwardforward stepwise method was selected. Two-sided P values <0.05 were considered statistically significant. Statistical analyses were performed using SPSS software (version 22.0; IBM-SPSS, Inc., Chicago, IL, USA).
Results
Patient characteristics
Between January 2005 and December 2014, 105 patients were diagnosed with C-SCLC by surgery, bronchoscopy or percutaneous aspiration lung biopsy, and 101 patients who received surgery were qualified, however, 10 of the 101 patients were unable to follow up because of losing contact. Ultimately 91 patients were enrolled in the analysis, including nine patients with positive surgical margin. On account of different therapy modalities, 11 (12.1%) patients were in PCI group and 80 (87.9%) in non-PCI group.
There was no difference in the frequency distribution of variables between the two groups except that PCI group included a higher proportion of patients received PORT. Patient characteristics of the two groups are summarized in Table 1 . Of the total 91 patients, there were 84 (92.3%) men and 7 (7.7%) women. The median age at the time of operation was 61 years. In addition to the basic features mentioned in the table, it should be specifically illustrated that two patients (2.2%) of non-PCI group were post-operatively pathologically-confirmed to be parietal pleural invasion or diaphragm invasion. The most common combined component was large cell neuroendocrine carcinoma (LCNEC, N=43, 47.3%), followed by squamous cell carcinoma (N=21, 23.0%), unspecified carcinoma component (N=15, 16.5%), adenocarcinoma (N=10, 11.0%), poorly differentiated carcinoma component (N=1, 1.1%), and giant cell and spindle cell carcinoma (N=1, 1.1%). In both groups, there was one patient receiving lobectomy plus wedge resection respectively, besides, one patient of non-PCI group received bi-lobectomy. Almost all patients received neo-adjuvant or adjuvant chemotherapy, and the most common strategies among these patients were EP/EC (N=79, 86.8%), followed by paclitaxel or docetaxel in combination with carboplatin (N=4, 4.4%), the rest may receive vinorelbine-based chemotherapy (N=2, 2.2%), and etoposide alone (N=1, 1.1%). Besides, there were four patients receiving unknown cytotoxic agents (N=4, 4.4%) and one patient received no chemotherapy (N=1, 1.1%).
Of thirteen patients who received neo-adjuvant chemotherapy, five patients (38.5%) reached a lower T-stage and N-stage after neo-adjuvant chemotherapy, two patients (15.4%) reached a lower T-stage alone and another two patients (15.4%) only reached a lower N-stage. The failure pattern of non-PCI group occurred most in brain (N=16, 20.0%), followed by local-region (N=12, 15.0%), bone (N=10, 12.5%), liver (N=5, 6.3%), pleura (N=3, 3.8%), adrenal gland (N=3, 3.8%), lung (N=1, 1.2%) and subcutaneous nodule (N=1, 1.2%), while the only failure pattern of PCI group occurred in local-region (N=2, 18.2%).
Survival analysis and principal patterns of failure
The median follow-up period of the whole group was 35.1 months (range, 6.5-113.6 months). The median OS, DFS and BMFS were 43.0, 38.1 months and not-reached, respectively. The 1-, 2-and 5-year OS rates were 90.1%, 63.7% and 44.1% respectively, the corresponding DFS rates were 68.1%, 50.5%, and 38.8%, and the corresponding BMFS rates were 89.8%, 81.8%, and 80.1%. The 5-year cumulative incidence of brain metastasis was 22.2% in the whole group. Patients in the PCI group had significantly longer OS (χ 2 =6.54, P=0.011) and DFS (χ 2 =6.23, P=0.013) than those in the non-PCI group (Figures 1,2) , and had the trend to live a longer BMFS with no statistical significance (χ 2 =2.83, P=0.092) ( Figure 3) . The 1-, 2-, and 5-year OS rates of PCI group were 100.0%, 90.9% and 90.9%, while the corresponding rates of non-PCI group were 83.8%, 60.0% and 38.8%. The median OS in PCI and non-PCI group were not-reached versus 38.0 months. The 1-, 2-, and 5-year DFS rates of PCI group were 90.9%, 90.9% and 81.8%, while the corresponding rates of non-PCI group were 65.0%, 45.0% and 33.5%. The median DFS in PCI and non-PCI group were not-reached versus 18.0 months. The 1-, 2-, and 5-year BMFS rates of PCI group were 100.0%, 100.0% and 100.0% respectively, while the corresponding rates of non-PCI group were 88.3%, 78.9% and 76.9%. The median BMFS of two groups was not reached. Additionally, the leading failure pattern of non-PCI group and the whole group was brain metastasis, and the 5-year cumulative incidence of brain metastasis reached up to 26.3% in the non-PCI group.
Subgroup analyses
Results of the subgroup analyses by a Cox proportional hazards model are shown in Table 2 . PCI significantly improved the OS of patients with receiving lobectomy, EP/EC chemotherapy and PORT, respectively. For the patients receiving lobectomy, the 1-, 2-, and 5-year OS rates of PCI group were 100.0%, 90.0% and 90.0%, while the corresponding rates of non-PCI group were 85.1%, 61.2% and 37.6% [hazard ratio (HR) =0.127, P=0.042]. For the patients receiving EP/EC chemotherapy, the 1-, 2-, and 5-year OS rates of PCI group were 100.0%, 90.0% and 90.0%, while the corresponding rates of non-PCI group were 83.8%, 58.8% and 36.2% (HR =0.127, P=0.042). For the patients receiving PORT, the 1-, 2-, and 5-year OS rates of PCI group were 100.0%, 87.5% and 87.5%, while the corresponding rates of non-PCI group were 76.0%, 48.0% and 24.0% (HR =0.110, P=0.032). For the patients with T1-2 stage, N+ disease, or those with pathologically confirmed combined squamous cell carcinoma, unspecified carcinoma, adenocarcinoma, poorly differentiated carcinoma, and giant cell and spindle cell carcinoma, PCI group had the trend to live a longer OS with marginal significance (P=0.053, P=0.069 and P=0.050, respectively).
Univariate analysis and multivariate analysis
The patient characteristics were evaluated to determine their prognostic value for OS in Table 3 . Univariate survival analysis showed that PCI (χ 2 =6.54, P=0.011), smoking status (χ 2 =13.18, P<0.001), combined components (χ 2 =6.14, P=0.013) and p-TNM stage (χ 2 =9.66, P=0.022) were significant prognostic factors for OS. Multivariate analysis revealed that PCI (HR =0.102, P=0.024), tobacco smoking (HR =3.454, P=0.001) and pathologically combined LCNEC (HR =0.479, P=0.015) were independent prognostic factors of the OS.
Discussion
The clinical outcomes of C-SCLC among various studies disaccord, median OS ranged from 9.4 to 27 months for TNM stage I-IV C-SCLC patients, 1-year OS ranged from 38.6% to 76.6%, and median PFS ranged from 10.5 to 13.1 months (11) (12) (13) (14) . The median OS ranged from 20 to 62.2 months for surgically resected C-SCLC patients, 1-year OS ranged from 76.6% to 86.6%, 5-year OS ranged from 42.3% to 50.2%, and median DFS ranged from 14.5 to 43.4 months (15, 16) . Accordingly, the median OS and DFS in our analysis were 43.0 and 38.1 months in postoperative stage I-IV C-SCLC, and the 1-and 5-year OS rates in our analysis were 90.1% and 44.1%. As a result, C-SCLC patients in our study were consecutively treated as a way to minimize bias.
In our retrospective analysis, receipt of PCI in patients with pathologically diagnosed C-SCLC after surgery, was demonstrated to be associated with improved OS and DFS. Furthermore, patients of PCI group had the trend to live a longer BMFS dramatically, though the difference was not statistically significant. Considering the small sample size in our analysis, the dramatical statistical significance can be reached (χ 2 =5.70, P=0.017) when doubling the sample size of the two groups, which demonstrate that bigger sample size may lead to significant results. The baseline characteristics compared by the chi-square test showed the statistical difference in the frequency distribution of patients receiving PORT, however, the influence on OS of PORT should be eliminated for its no significance when doing the univariate and multivariate survival analysis. In the subgroup analyses, PCI significantly improved OS of patients with receiving lobectomy, EP/EC chemotherapy or PORT, which may provide scientific guidance for optimal comprehensive treatment modalities in C-SCLC, like uniting lobectomy, EP/EC chemotherapy or PORT, with PCI. The value of PCI in patients with T1-2 stage, N+ disease, or combined non-LCNEC, should be verified with much bigger sample size in following studies. Although the univariate analysis showed p-TNM stage was one of prognostic factors for OS, multivariate analysis failed to authenticate its prognostic value. The analysis revealed that PCI and pathologically combined LCNEC were protective factors for patients with pathologically diagnosed C-SCLC after surgery, and HR value of PCI (HR =0.102) reminded us of its strong protection, while tobacco smoking was the sole risk factor (HR =3.454). Apparently, the significance of p-TNM stage and the protective role of combined LCNEC in this C-SCLC survival analysis were discordant with previous research, and the critical factors should be the prolongation of follow-up period and the expanding time scope of enrollment in our analysis. Although the evidence of brain metastasis and the importance of PCI in C-SCLC patients were rare, the scant data sufficiently remind the positive role of PCI for decreasing brain metastases and increasing OS of combined SCLC. For lack of research on failure patterns of C-SCLC, only three studies elaborated that brain metastasis rates ranged from 12.3% to 22.2% (2, 11, 12) , when mentioning the leading failure patterns were brain metastasis, lung metastasis, bone metastasis and liver metastasis in order. Besides, we reviewed the data of brain metastasis incidence in SCLC and NSCLC, Wu et al. (17) demonstrated that the 5-year cumulative incidence of brain metastasis for stage I/II and III SCLC were 12% and 26%, while the meta-analysis of randomized controlled trials of PCI in NSCLC (18) showed the incidence of brain metastases in no-PCI group was 18.6% (122/657). In our analysis, brain metastasis was the most common failure pattern in the non-PCI group, while no brain metastasis happened in the PCI group, and 5-year cumulative incidence of brain metastasis reached up to 22.0% and 23.6% for stage I/II and stage III-IV C-SCLC. In addition, the log-rank test showed that p-TNM stage (χ 2 =36.43, P<0.001) was significant prognostic factor for BMFS, and Cox proportional hazards model revealed that p-stage IV was independent risk factor of BMFS when compared to p-stage I (HR =34.972, P<0.001), while p-stage II and p-stage III were not (HR =1.294, P=0.716; and HR =1.002, P=0.998). Consequently, the cumulative incidence of brain metastasis for surgically resected C-SCLC approached to stage II-III SCLC or a little more than NSCLC. Except for surgery in stage I SCLC, a few recent reports have demonstrated excellent outcomes of stereotactic body radiation therapy for stage I SCLC, which showed PCI should be recommended for pathologic stage I SCLC because relative high brain-metastases rates have also been observed, from 7.5% to 14.3%, while none of the 17 patients (0%) who had undergone PCI developed brain metastases (19) (20) (21) . Though there is no research of PCI on C-SCLC, based on current data of PCI on earlystage SCLC, and the contribution of PCI to improving OS and DFS in our study, taken together, it may call for the utilization of PCI in C-SCLC patients treated by surgery, to a certain extent.
Above all, patients treated with PCI had a lower incidence of brain metastasis, though the p-value was close to but not less than 0.05. The reasonable explanation was the small sample size and just a-single institutional experience. This study demonstrated that PCI could contribute to improvement of OS and DFS, which may be an indication of its profound value in C-SCLC. In combination with the fact that PCI can decrease brain metastases and increase OS in limited-stage SCLC, we put forward the hypothesis that PCI was indispensable in the treatment of C-SCLC, however, it would need to be further verified.
There were several limitations in this study. Firstly, the analysis was retrospective and inevitable biases may affect the conclusions. The factor unevenly distributed between the two groups was difficult to balance, though it was not an influence-on-survival factor. Secondly, our study could not reach the statistical significance of BMFS due to the small sample size, though patients of PCI group had the significant trend to live a longer BMFS. Thirdly, the study could not bring all risk factors or protective factors into the analysis, for the unobtainable information of new risk factors discovered by recent research, such as tumor mutation burden, microsatellites instability, lncRNA and plateletsrelated factors, etc. Finally, for lack of detailed information about the influence of PCI on quality of life for all patients, the professional assessment of potential toxicity could not be acquired. Consequently, whether PCI can decrease brain metastases and increase OS of combined SCLC should be further explored in prospective randomized trials.
Conclusions
Combined SCLC patients have a relative high risk of developing brain metastases based on our study. These data showed that PCI could significantly improve the OS and DFS of surgically resected C-SCLC patients. Patients in PCI group had the trend to live a longer BMFS. The role of PCI in patients with C-SCLC should be further investigated in prospective randomized trials.
